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PROBLEM TO BE SOLVED: To suppress the substrate 
floating effect of a semiconductor device by forming a 
second semiconductor region having a smaller forbidden 
band gap than that of a first semiconductor region over 
at least a part or entire or a p+-source or -drain region or 
part extending to a channel region. 
SOLUTION: As the most basic example, the entire of a 
p+-source region is made of a SiGe layer and the 
forbidden band width Eg at only this source region is 
uniformed reduced; The band gap of a SixGel -x is 
smaller by delta Ev than that of Si to result in a band 
discontinuity of delta Ev at the valence band. This 
discontinuity lowers the energy barrier &phiv;1 against a 
flow of electrons accumulated in the channel part in the 
source direction, thereby accelerating the flow of the electrons accumulated in the channel 
part into the p+-source region. Thus, it is possible to suppress the substrate floating effect of a 
p- channel MOSFET having a fine SOI structure. 
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* NOTICES * 

Japan Patent Office is not responsible for any 

■ dam ages caused t>y the use of this translation. ( . 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The 1st semiconductor region of n mold formed on the 1st insulator layer A source field A 
drain field A gate electrode which controls current which flows this 1st semiconductor region through 
the 2nd insulator layer as a gate insulator layer formed in the upper part of this 1st semiconductor region 
it is the semiconductor device equipped with the above, and p mold impurity element contains in this 
source and a drain field — having — a part of one [ at least ] field [ at least ] of this source and a drain 
field r- or it is all — it is — a channel field is reached in part — it is characterized by until consisting of 
the 2nd semiconductor region where forbidden-band width of face is smaller than said 1st 
semiconductor region. 

[Claim 2] The 1st semiconductor region of n mold formed on the 1st insulator layer A source field A 
drain field A gate electrode which controls current which flows this 1st semiconductor region through a 
gate insulator layer formed in the upper part of this 1st semiconductor region It is the semiconductor 
device equipped with the above, and p mold impurity element is contained in this source and a drain 
field, and it is characterized by forming in both the upper part of one [ at least ] field of this source and a 
drain field, the lower part or the upper part, and the lower part the 2nd semiconductor region where 
forbidden-band width of face is smaller than said 1st semiconductor region. 
[Claim 3] Said 2nd semiconductor region is a semiconductor device according to claim 1 or 2 
characterized by being a carrier beam Si about distortion in the direction in which said 1st 
semiconductor region is silicon (Si)* and a lattice constant spreads. 

[Claim 4] said 1st semiconductor region « silicon (Si) - it is said 2nd semiconductor region — Six 
germanium 1-x Or Six Sn 1-x it is — a semiconductor device according to claim 1 or 2 characterized by 
things. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention is concerned with the insulated-gate 
mold semiconductor device which is applied to semiconductor devices, such as, an integrated circuit 
(LSI) containing the insulated-gate mold semiconductor device of a simple substance, and this, 
especially is formed on an insulator layer. 
[0002] 

[Description of the Prior Art] There is a remarkable thing in the advance to high integration of the 
semiconductor integrated circuit (LSI) looked at by 256Mb(s) dynamic random-access-memory 
(DRAM) technology in recent years etc. However, if DRAM is explained to an example, with progress 
of a degree of integration, memory cell area tends to decrease increasingly and reservation of the eel 
capacity for preventing the so-called soft error caused by alpha rays is difficult. For soft error prevention 
of DRAM, the so-called SOI (Silicon-On-Insulator) structure which makes a semiconductor device is 
adopted on the single-crystal-silicon film 165 on the insulator layer (SOI insulator layer) 202 as shown 
in drawing 1 1 . Detailed and high-speed operation are possible for a silicon-on-insulator desubstrate, and 
it is promising as a high performance element. If SOI structure is used, since the electron and electron 
hole pair generated by alpha rays can be restricted in the single-crystal-silicon film 165 on a SOI 
insulator layer (henceforth a "SOI film"), soft error resistance will improve by leaps and bounds. 
Although drawing 1 1 is a n channel silicon-pn-insulator desubstrate, since the so-called substrate 
suspension effect by the electron hole (hole) accumulated in the channel field arises as shown in drawing 
12 , this n channel silicon-on-insulator desubstrate has the defect that drain breakdown voltage is low as 
compared with bulk MOSFET ! Moreover, the conventional n channel silicon-on-insulator desubstrate 
also has the problem of instability, such as a current over shoot in switching operation, as shown in 
drawing 13 , and it has been a practical big problem. 

[0003] The structure which used the narrow material of a band gap (forbidden-band width of face) Eg 
for the source field to the channel field of MOSFET as a cure against the substrate suspension effect in 
such n channel SOI and an element is proposed (JP,1-255252,A). By narrowing the band gap Eg of the 
semiconductor material which constitutes a source field in MOSFET indicated by JP,1-255252,A, the 
are recording in the channel of an electron hole constituting the main cause of the substrate suspension 
effect can prevent effectively. 

[0004] To MOSFET which makes Si a channel field, as a narrow material of a band gap, the most 
typical thing is Six germanium 1-x (0< x<l), and shows one of the SOI-MOSFET using this to drawing 
14 (a). The SOI insulator layers 202, such as an oxide film, are formed on the Si substrate 201 used as a 
base substrate, the SOI film 203 of p mold used as a barrier layer is formed on it, and n channel SOI- 
MOSFET of drawing 14 (a) is n+ in a part of this SOI film. The source / drain field 206 is formed. The 
feature of drawing 14 (a) is this n-K It is Six germanium 1-x to the interior of the source / drain field 206. 
It is the point that the layer 207 is formed. n+ The source field 206 and n+ The point that gate oxide 25 
is formed in the upper part of the channel field 203 which consists of a p mold SOI film inserted into the 
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drain field 206, and the gate electrodes 26, such as polish recori, are formed on it is the same as that of 
usual n channel MOS FET. 

[0005] The potential profile of n channel SOI and MOSFET of drawing 14 (a) is shown in drawing 14 
(b). In such an MOSFET, as shown in drawing 14 (b), it is clear experimentally by the simulation the 
hole current's which can narrow the band gap of a source field to the location of a dashed line, and flows 
inside n+ source field to increase exponentially. For example, the current potential property of n channel 
SOI-MOSFET of 0.5 micrometers of channel length is shown in drawing 15 . A continuous line is 
measured among the current potential properties shown in drawing 15 about SOI and MOSFET which 
carried out the ion implantation of the germanium ion by dose phi=3xl016cm-2 in acceleration voltage 
Vac-50kV. It turns out that drain breakdown voltage has improved n channel MOS FET which has the 
SiGe layer which shows only Si shown with a dashed line in drawing 15 as a continuous line to n 
channel MOS FET made into the source / drain field (he has no SiGe field) inside the source / drain field 
V or more [ 1 ]. 

[0006] n channel SOI-MOSFET as showed cross-section structure to drawing 14 (a) is manufactured by 
the following manufacturing processes, first, SIMOX (Separationby IMplanted OXygen) — a SOI 
substrate is created using law. That is, by carrying out the ion implantation of the oxygen ion, and heat- 
treating it to a silicon substrate 201, the embedding oxide film (SOI insulator layer) 202 is formed so 
that the upper silicon film (SOI film) 203 and the lower layer silicon substrate 201 may.be separated. 
And in order to decompose electrically between the elements which adjoin to the upper SOI film 203, 
LOCOS [ area of exposed oxide / used as the isolation region between elements / field ] (Local 
Oxidation of Silicon) using Si3 N4 film etc. — it forms by law etc. (however, in drawing 14 (a), although 
illustration of the isolation region between elements is omitted) It will be understood easily that it is in 
the location of the both sides [ portion / illustration ] shifted. Then, Si3 N4 used for the LOCOS method 
A film etc. is removed, the suiface of the element formation field (active region) 203 surrounded by the 
field area of exposed oxide is exposed, and gate oxide 25 is formed in the surface of the exposed active 
region (SOI film) 203 by the oxidizing [ thermally ] method etc. and next and a this top — LPCVD (Low 
Pressure Chemical Vapour Deposition) — the polish recon film 26 by law etc. is formed, and a 
photograph lithography production process — a resist pattern — the upper part of the gate electrode 
schedule field portion of the polish recon film 26 — forming — this resist pattern — a mask — carrying out 

RIE (Reactive Ion Etchin) — the polish recon gate electrode 26 and gate oxide 25 are formed by law 
etc. And n+ Using the polish recon gate electrode 26, the ion implantation of the n mold impurity ion, 
such as As for the source / drain field 206 formation, is carried out in self align, and it is heat-treated. 
Then, if it heat-treats by carrying out the ion implantation of the germanium to this source / drain field 
206 and the SiGe layer 207 is formed in the interior of the source / drain field 206, n channel SOI- 
MOSFET as shown in drawing 14 (a) will be completed. In fact, after this, although interlay er insulation 
films, such as an oxide film, a PSG film, and a BPSG film, are further deposited on the surface, the 
opening for electrode contact (contact hole) is formed into this interlayer insulation film and 
metallization production processes, such as the source / drain metal-electrode wiring, are performed, 
illustration is omitted here. 
[0007] 

[Problem(s) to be Solved by the Invention] On the other hand, about p channel SOI-MOSFET, the 
substrate suspension effect did not attract big attention for a thing, like drain breakdown voltage is high 
till recently. The thing with high drain breakdown voltage is because it is that the current driving force 
of p channel SOI-MOSFET is small compared with it of n channel SOI-MOSFET, and the impact 
ionization rate to the electron of the electron hole by the electric field near the drain is small. However, 
by the detailed experiment by the artificer of this invention, the current driving force increases also in p 
channel SOI-MOSFET, the rise of the electric field near the drain takes place with detailed-izing of the 
LSI pattern using the element of 0.5 micrometers or less of gate length etc., and it is already becoming 
clear gradually that it is becoming impossible to disregard the substrate suspension effect. For example, 
it is becoming clear that the kink in Id-Vd ****** i s seen also by p channel SOI-MOSFET as shown in 
drawing 16 (a), or that an unusual reduction of the threshold coefficient in a pentode field as shown in 
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drawing 16 (b) appears. These unusual properties become the cause which forms "a strain" of the output 
wave in an analog circuit like the case of n channel SOI-MOSFET, and cause the fall of the threshold in 
a pentode field, the case where it uses for a CMOS inverter circuit as shows p channel SOI-MOSFET 
(continuous line) to which drain pressure-proofing fell as compared with the bulk MOSFET (dashed 
line) as furthermore shown in drawing 17 (a) to drawing 17 (b) ~ setting - an input -- a high level 
(High) — even if — an output is not set to a low (Low) but the problem that an output does hot take a full 
swing is caused. 

[0008] It is offering the new structure which can control the substrate suspension effect containing p 
channel SOI and MOSFET it is becoming impossible to disregard thq purpose of this invention in the 
structure of 0.5 micrometers or less of gate length made detailed in view of the trouble described above 
of semiconductor devices, such as pMOSLSI and CMOSLSI. 
[0009] 

[Means for Solving the Problem] The 1st semiconductor region of n mold with which this invention was 
formed on the 1st insulator layer in order to attain the above-mentioned purpose, It is the semiconductor 
device which contains at least a transistor which has a gate electrode which controls current which flows 
this 1st semiconductor region through the 2nd insulator layer as a gate insulator layer formed in the 
upper part of a source field, a drain field, and this 1st semiconductor region, p mold impurity element is 
contained in this source and a drain field, a part of one [ at least J field [ at least ] of this source and a . 
drain field — or it is all ~ it is - a channel field is reached in part — it is characterized [ 1st ] by until 
consisting of the 2nd semiconductor region where the forbidden-band width of face (band gap) Eg is 
smaller than said 1st semiconductor region. 

[0010] The 1st semiconductor region of n mold with which this invention was formed on the 1st 
insulator layer in order to attain the above-mentibned purpose furthermore, It is the semiconductor 
device which contains at least a transistor which has a source field, a drain field, and a gate electrode 
that controls current which flows this 1st semiconductor region through a gate insulator layer formed in 
the upper part of this 1st semiconductor region, p mold impurity element is contained in this source and 
a drain field. It is characterized [ 2nd ] by forming in both the upper part of one [ at least ] field of this 
source and a drain field, the lower part or the upper part, and the lower part the 2nd semiconductor 
region where the forbidden-band width of face Eg is smaller than said 1st semiconductor region. 
[001 1] When the 1st semiconductor region is set to Si as the 2nd small semiconductor region of this 
band gap Eg, a material of Si system is desirable, and they are specifically Six germanium 1-x and Six 
Sn 1-x. It is desirable. 

[0012] Moreover, Si which carries out entailment of the distortion in the direction in which a lattice 
constant becomes large as the 2nd semiconductor region is sufficient. It is crystal growth of formation of 
a SiGe (there is no change of lattice constant) layer (or SiSn layer) which does not receive Selection 
CVD and distortion of a up to [ an ion implantation to the inside of Si of germanium or Sn, and Si of a 
SiGe layer (a SiSn layer etc. is sufficient instead of SiGe) ] as the formation method of these materials, 
and Si to a it top, and CaF2. A layer and CaSrF2 What is necessary is just to perform crystal growth of 
Si to a layer top etc. 

[0013] It is p+ of the 1st semiconductor region which consists of Si etc. when based on CVD of the SiGe 
layer 238,239 shown in drawing 5 . It means that the 2nd semiconductor region 238,239 where the 
forbidden-band width of face Eg is small was formed in the upper part of the source / drain field 
312,313. Moreover, it is p+ when Si layer 45a is grown up on the SiGe layer 44 shown in drawing 7 . 
The 2nd semiconductor region is formed in the lower part of the source field 409, and it is p+ further. As 
for the source field itself, in response to distortion, a band gap Eg is small. 

[0014] Drawing 1 (a) is p+ as most fundamental example. All of source fields are formed in a SiGe 
layer, and it is p+. Band drawing at the time of narrowing the band gap Eg of only a source field 
uniformly is shown. It is Six germanium 1-x to Si. Since only delta Ev of a band gap is narrow, it will 
have the discontinuity of a band of deltaEv in a valence-band side. Energy barrier phi 1 over an inflow 
in the direction of the source of an electron which collected on the channel section by this discontinuity 
It decreases, as shown in drawing 1 (a). p+ of an electron accumulated in the channel section by this An 
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inflow to a source field is promoted and the substrate suspension effect is controlled. A theory top is a 
heterojunction interface and p+ like drawing 1 (a). Although it is desirable for a source field edge to be 
in agreement, becoming like drawing 1 (b) is also considered from on a manufacturing technology. That 
is, drawing 1 (b) is p+. A SiGe/Si heterojunction interface when a part of source field is a* SiGe layer is 
p+. Band drawing in a case of being all over a source field is shown. In this case, p+ An electron with 
which this Si section was accumulated in a channel lOnm or less when tunnel current would flow, if it 
considered as a film extremely although an obstruction over an electron with which only a part to which 
Si exists all over a source field collected on a channel became high is p+. It is sucked out by source 
field. Manufacturing thickness of the Si section in precision of lOnm or less can be controlled by 
selection of heat treatment conditions etc. comparatively easily. Furthermore, it is Six germanium 1-x. Si 
portion shown in drawing 1 (b) since promotion of extrusion of an electron from the channel section by 
increment in recombination velocity of a carrier in inside also takes place is p+. The substrate 
suspension effect control of p channel SOI-MOSFET is possible also with structure which exists in a 
source field. However, the A section shown in drawing 1 (b) at this time is p+ in order to work in the 
direction which controls a flow of an electron hole which is transistor current. Impurity density (nSiGe 
and nSi) of a source field p mold is good to make it as high as possible and to make it not overdue [ a 
flow of an electron hole here ]. 

[001 5] When it says from a viewpoint of drawing to the source of an electron which collected on a 
channel on the other hand, it is p+ to the impurity density nSiGe of the SiGe section. If impurity density 
nsi of the Si section of a source field is made low, since it becomes band drawing as shown in drawing 1 
(c) and an obstruction over an electron can be set to value deltaE (<deltaEv) smaller than deltaEv, it is 
more effective than a case of drawing 1 (b). Moreover, it is Six germanium 1-x from drawing 1 (a). 
Structure included in a channel side is sufficient, and the drawing effect to the inside of the source of the 
above electrons arises also in this case. 
[0016] 

[Embodiment of the Invention] Drawing 2 (a) shows the cross-section structure of p channel SOI- 
MOSFET concerning the gestalt of operation of the 1st of this invention. The n mold SOI film 23 which 
serves as the 1st semiconductor region of n mold through the embedding oxide film 202 used as the 1st 
insulator layer (SOI insulator layer) is formed in the upper part of n mold (100) silicon substrate 21 
which turns into a base substrate in drawing 2 (a). And isolation is made with the thermal oxidation film 
24 formed deeply until it embeds the n mold SQI film 23 from the surface of the SOI film 23 and it 
reaches an oxide film 202. And it is p+ to the interior of this active region, using as an active region the 
field of the n mold SOI film 23 detached by this element. The source field 216 and p+ It is formed so 
that the drain field 226 may embed that pars basilaris ossis occipitalis and may touch an oxide film 202. 
p+ The source field 216 and p+ The silicon germanium (SiGe) field 217,227 containing boron (B) is 
formed in the interior of the drain field 226, and the source metal electrode 218 and the drain metal 
electrode 228 are formed in the upper part of this SiGe field 217,227 through the contact hole which the 
interlayer insulation films 211, such as an oxide film (Si02 film), a PSG film, and a BPSG film, were 
formed, and was formed into this interlayer insulation film 211. Drawing 2 (a) is p+ which is 
exaggerated type section drawing and was protruded from the SiGe field 217,227 in practice for 
convenience. The source / drain field 216,226 is thin fields lOnm or less. Moreover, p+ The source field 
216 and p+ The gate electrodes 26, such as polish recon, are formed in the upper part of the channel 
field 23 inserted into the drain field 226 through the gate oxide 25 used as the 2nd insulator layer. The 
thin oxide film 27 called an after oxide film is formed in the surface of the polish recon gate electrode 
26. p+ The source field 216 and p+ The drain field 226 is a field which doped p mold impurity elements, 
such as boron (B), in about [ 6x 1 0 1 8 to 6x 1 020cm - ] three high impurity density. 

[0017] Drawing 2 (b) is drawing showing the drain current (Id)-drain voltage (Vd) property of p channel 
SOI and MOSFET of the simple substance concerning the 1st example of this invention as compared 
with the example of reference. The Id-Vd property shown in drawing 2 (b) is a thing about p channel 
SOI-MOSFET with L= 0.4 micrometers [ of gate length ], and a gate width of W= 100 micrometers, and 
a continuous line is germanium-h It is the property of the simple substance element which drove in ion 
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by 25KeV(s) dose 3xl016cm-2, and formed the p+-SiGe field 217,227, and a dashed line is the property 
of a simple substance element (example of reference) of not having a corresponding p+-SiGe field. p+ of 
the electron accumulated in the channel section by having the p+-SiGe field 217,227 It turns out that the . 
inflow to a source field was promoted and drain breakdown voltage has improved V or more [ 1 ]. 
[0018] p channel SOI-fylOSFET shoyvnjn drawing 2 (a) can be manufactured by the method shown in 
drawing 3 (a) - drawing 3 (d). 

[0019] (b) Form the embedding oxide film (SOI oxide film) 202 with a thickness of lOOnm in a place 
with a depth of 200nm from the silicon surface by the so-called SIMOX method which injects oxygen 
into the Si substrate 21 of n mold (100) by acceleration voltage 180KeV and dose 2x121 8cm-2, and is 
first heat-treated at 1300 degrees C for 5 hours. At this time, about 200nm (SOI film) of single-crystal- 
silicon films 23 is formed in the upper part of the SOI oxide film 202. Next, the SOI film 23 is made 
thin to- lOOnm thickness by oxidizing the surface of the SOI film 23 thermally and carrying out etching 
removal of this .oxide film with a NH4 F solution etc. 

[0020] (b) Next, with selective oxidation technology, such as the LOCOS method, form the element 
demarcation membrane 24 and separate between the adjoining elements electrically. Next, gate oxide 25 
is formed in the thickness of 5nm, the polycrystal (polish recon) Si 26 which doped boron (B) 1020cm-3 
is deposited on the thickness of about 200nm with a CVD method, and the configuration shown in 
drawing 3 (a) using a photolithography production process is processed .as a gate electrode 26. For 
example, a gate electrode is processed into L= 0.4 micrometers of gate length,' and a size with a gate 
width of W= 10 micrometers. Next, the whole surface is oxidized and the with a thickness of 5nm after 
oxide film 27 is formed in the polycrystal Si surface (upper surface and side). 

[0021] (c) Next, as shown in drawing 3 (b), form the Si layer (Si0.9 germaniumO.l -Si0.7 germanium0.3 
layer) 28 which carries out the ion implantation of the germanium by acceleratibn voltage 30KeV and 
dose 1 -3x10.1 6cm-2, and contains germanium about 10 to 30% by peak concentration. 
[0022] (d) Next deposit 20nm of SiN films on the whole surface, and by carrying out overall etching 
after that, as shown in drawing 3 (c), form the side wall SiN film 29 in the side wall of a polycrystal 
silicon-gate electrode. Furthermore^ it is BF2+. It is p+ of SiGe by carrying out an ion implantation by 
acceleration voltage 20KeV and dose 3xl015cm-2, and carrying out annealing for 30 minutes in. 
nitrogen-gas-atmosphere mind at 850 degrees C after that. p+ of a layer 21 7,227 and Si A layer 216,226 
is formed. 

[0023] (e) Furthermore, it is Si02 by a CVD method etc. to the whole surface. 300nm of interlayer 
insulation films 21 1, such as a film, a PSG film, and a BPSG film, is deposited. The hole for contact is 
opened in the predetermined portion in this interlayer insulation film 211. Wiring material, For example, 
if the source metal electrode 218 and the drain metal electrode 228 are formed by depositing Si, 400nm 
(aluminum-Si, aluminum-Cu-Si) of aluminum of Cu content etc., etc. on the whole surface, and 
processing it as shown in drawing 3 (d) p channel SOI-MOSFET of the gestalt of operation of the 1st of 
this invention is completed. 

[0024] All source fields are not set to SiGe in the example of structure shown in drawing 2 , but a 
heterojunction interface is p+. Although it is in the interior of a source field, drawing 1 (a) - (c) is used, 
and it is above-mentioned passage p+. As for a source field edge and a heterojunction interface, it is 
desirable that it is in agreement. However, all source fields do not necessarily need to be SiGe(s) and the 
source section which is in contact with the channel field as shown in drawing 1 (b) and (c) may be the 
structure where the about lOnm [ at most ] p+-Si field 216 remains. The thickness of a p+-Si portion is 
p+. BF2+ the source / for drain fields It is controllable by adjustment of the about 850-900-degree C 
annealing time amount after an ion implantation. If it becomes what, on the diffusion conditions of this 
temperature degree, the diffusion in Si of germanium will be because it is small to the degree which can 
be disregarded. Furthermore, it will be p+ if annealing time amount is adjusted. A potential profile as 
made a source field edge and a heterojunction interface in agreement and shown in drawing 1 (a) can 
also be obtained. It can also make it easy to realize the form where the impurity density nSi of a source 
Si section like drawing 1 (c) becomes lower than the impurity density nSiGe of the source SiGe section 
by annealing which promotes diffusion of such B. Moreover, it is germanium+ although incidence (ion 
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implantation) of the germanium ion was perpendicularly carried out to Si substrate with the gestalt of 
this operation. In order to prevent the channeling of ion, few tilt angles (for example, 7 degrees) may be 
given, and the location of a hetero interface may be controlled. Moreover, germanium+ In order to carry 
out incidence of the ion to the place more near a channel, impregnation by the so-called r6tation ion 
implantation (slanting ion implantation) leaned about 40 degrees may be performed. 
[0025] Moreover, although SiGe is used as a narrow material of a band gap with the gestalt of operation 
of the 1st of this invention, it is not restricted to SiGe but other materials with a band gap narrower than 
Si of Si system may be used. For example, the alloy of Sn and Si is sufficient. 

[0026] p+ although the impurity for the stratification is used as boron (B) by top description — other III 
(s), such as an indium (In) or a gallium (Ga), A group's impurity may be used. Although it is not made 
SALICIDE (Self Aligned Silicide) structure in the above-mentioned explanation, when parasitism 
resistance needs to be reduction-ized, naturally SALICIDE structure can also be applied. Moreover, at 
the structure shown in drawing 2 (a), it is p+. Although both the source / drain field are SiGe, the effect 
of this invention is not lost as for SiGe only in the source section. Moreover, even if SiGe enters into a 
channel, the effect of this invention is not lost. Band drawing in this case is close to drawing 1 (a), and 
the band break point of deltaEv in a valence band only moves it to a channel side for a while. 
[0027] Although the polycrystal Si of the gate has described the thing of p mold doped polysilicon of a 
boron (B) dope, n mold doped polysilicon, such as the Lynn (P) dope, is sufficient as it,, and a polycide 
(two-layer structure of Polycrystal Si and silicide) is sufficient as it. Moreover, refractory metals, such as 
W, Ti, and Mo, and other metals may be used for a gate material. 

[0028] Drawing 4 shows the cross-section structure of p channel SOI-MOSFET concerning the gestalt 
of operation of the 2nd of this invention. In drawing 4 , the n mold SOI film 23 which serves as the 1st 
semiconductor region of n mold through the embedding oxide film 202 used as the 1 st insulator layer is 
formed in the upper part of n mold (100) silicon substrate 21. And isolation is made with the thermal 
oxidation film 24 formed deeply until it embeds the n mold SOI film 23 from the surface of the SOI film 
203 and it reaches an oxide film 202. And it is p+ to the interior of this active region, using as an active 
region the field of the SOI film 23 detached by this element. The source field 312 and p+ It is formed so 
that the drain field 313 may embed that pars basilaris ossis occipitalis and may touch an oxide film 202. 
p+ The source field 3 12 and p+ The p+-SiGe field 238,239 containing the boron (B) used as the 2nd 
semiconductor region is formed in the upper part of the drain field 3 1 3. An interlay er insulation film 211 
is formed in the upper part of the SiGe field 238,239, and the source metal electrode 218 and the drain 
metal electrode 228 are formed to the SiGe field 238,239 through the contact hole formed into the 
interlayer insulation film 211. Moreover, p+ The source field 312 and p+ The gate electrodes 26, such as 
polish recon, are formed in the upper part of the channel field 23 which consists of the 1st 
semiconductor region inserted into the drain field 313 through gate oxide (gate insulator layer) 25. The 
thin oxide film 27 called an after oxide film is formed in the surface of the polish recon gate electrode 
26. p+ The source field 312 and p+ The drain field 313 is a field which doped p mold impurities, such as 
boron (B), in about [ 6x1018 to 1x1020cm - ] three high impurity density. 

[0029] p channel SOI-MOSFET concerning the gestalt of operation of the 2nd of this invention can be 
manufacture the manufacture method as shown in drawing 5 (a) - (c). 

[0030] (b) SIMOX - using the SOI substrate (SIMOX-SOI substrate) by law etc., and this SIMOX-SOI 
substrate - receiving - LOCOS - it is the same as that of the gestalt of operation of the 1st of this 
invention till the place which carries out gate oxidation, processes the polycrystal Si film 26 of B dope 
as a gate electrode after the isolation using law, heat-treats the whole surface in an oxidizing 
atmosphere, and forms the after oxide film 27. 

[0031] Next, if a SiN film is deposited on the whole surface at the thickness of 20nm and whole surface 
etchback is covered, as shown in the side wall of a gate electrode at drawing 5 (a), the side wall SiN film 
29 will be formed. 

[0032] (b) Next, it is SiH4. Gas and GeH4 As shown in drawing 5 (b), the SiGe layer 238,239 is 
alternatively deposited on Si surface of the portion which the n mold SOI film exposed with the CVD 
method using the reaction of gas by the thickness of lOOnm. Next, B+ 3xl015cm-2 ion implantation is 
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carried out by 30KeV(s). 

[0033] (c) By carrying out annealing for 30 minutes in the substrate temperature of 850 degrees C, and 
nitrogen-gas-atmosphere mind continuously, include the SiGe layer 239 and Si under it is also p+. It is 
made a layer and is p+-SiGe field 238,239p+. The source field 312 and p+ The drain field 313 is 
formed. As furthermore shown in drawing 5 (c), it is Si02 by a CVD method etc. to the whole surface. 
The interlay er insulation films 211, such as a film, are deposited on the thickness of 300nm, a contact 
hole is opened into this interlayer insulation film 211, and if wiring material, for example, Si, and 
400nm of aluminum of Cu content are deposited on the whole surface, it is processed and the source 
metal electrode 218 and the drain metal electrode 228 are formed, p channel SOI-MOSFET of the 
gestalt of operation of the 2nd of this invention will be completed. 

[0034] p+ since the SiGe layer 238,239 is formed by CVD on the n mold SOI film 23 with the gestalt of 
operation of the 2nd of this invention Among the source / drain field, the portion near a channel is Si and 
becomes drawing 1 (b) and the same thing as (c) as band drawing. In the case of the gestalt of operation 
of the 2nd of this invention, the size (distance) of Si field between this SiGe edge and a channel field is 
mainly adjusted by the thickness of the gate side wall 29, and the thickness of the SOI film 23. 
[0035] It is the structure which does not have a side wall SiN film in the side wall section of the gate 
electrode 26 as shown in drawing 6 as a modification of the gestalt of operation of the 2nd of this 
invention. After the structure of drawing. 6 performing whole surface ptchback after formation of the 
after oxide film 27 and removing only it on the n mold SOI film 23, The SiGe layer 238,239 is formed 
by the thickness of lOOnm by Selection CVD. After that B+ An ion implantation is performed and they 
are the SiGe lay^r 238,239 and the n mold SOI film 23 under it p+* It is made a layer and the p+-SiGe 
source field 238, the p+-SiGe drain field 239, the p+-Si source field 312, and the p+-Si drain field 313 
are formed. The subsequent production process is the same as the above. 

[0036] explanation of the manufacture method of the gestalt operation of the 2nd of above-mentioned 
this invention — B+ although the case where an ion implantation was used was explained — BF2+ the 
ion implantation by the ion of a compound molecule [ like ] — you may use — In+ Ga+ instead, an ion 
implantation — carrying out -- p+ A layer may be formed. Moreover, it is also possible to apply 
SALICIDE structure. Although installation of p mold impurities, such as B, is furthermore performed 
after deposition of the SiGe layer 238,239 above Since p mold impurity is beforehand introduced by the 
ion implantation etc. into the n mold SOI film 23, the SiGe layer 238,239 is deposited, after that — 
further - the inside of the SiGe layer 238,239 installation of the impurity of p mold — you may carry 
out - the inside of CVD gas - BH3 and B-2 H6 etc. - gas — introducing - SiGe deposition, 
simultaneously p+-izing. the narrow semiconductor of a band gap - T Six germanium 1-x it is not 
necessary to be — Six Sn 1-x, germanium, etc. may be used. 

[0037] Drawing 7 shows the cross-section structure of p channel SOI-MOSFET concerning the gestalt 
of operation of the 3rd of this invention. In drawing 7 , the n mold SOI film 231 is formed in the upper 
part of n mold (100) silicon substrate 21 through the embedding oxide film 202 used as the 1st insulator 
layer, and — n - a mold — SOI — a film - 231 — a part — the upper part — **** -- the — two — a 
semiconductor region — becoming — silicon — germanium (SiGe) — a film — 44 — forming — having — 
SiGe - a film — 44 — a top — and --SiGe — a film — 44 — forming — having — **** — n — a mold — 
SOI — a film — 231 — the upper part— **** — the — one - a semiconductor region — becoming — n — a 
mold - silicon - (-- Si -) - a film - 45 - forming - having - **** . It is Si02 until it reaches the n 
mold SOI film 231 from the surface of the n mold Si film 45. The isolation insulator layers 24, such as a 
film, are formed. The isolation insulator layer 24 may be deeply formed until it embeds it further from 
the surface of the n mold SOI film 23 1 and it reaches an oxide film 202. And it is p+ to the interior of 
this active region, using as an active region the field of the n mold Si film 45 detached by this element. 
The source field 409 and p+ The drain field 226 is formed and it is p+. To the SiGe film 44, the source 
field 409 is that pars basilaris ossis occipitalis p+ The drain field 410 is formed so that that pars basilaris 
ossis occipitalis may be embedded and an oxide film 202 may be touched. This p+ The source field 409 
and p+ The source metal electrode 218 and the drain metal electrode 228 are formed to the drain field 
410 through the contact hole formed into the interlayer insulation film 211. Moreover, p+ The source 

http ://www4 . ipdl.jpo . go jp/cgi-bin/tran_web_cgi_ejj e 2/25/2004 



Page 8 of 10 



field 409 and p+ The gate electrodes 26, such as polish recon, are formed in the upper part of the n mold 
Si film 45 used as the channel field between the drain fields 410 through the gate insulator layer (gate 
oxide) 25. p+ The source field 409 and p+ The drain field 410 is a field which doped p mold impurity 
elements, such as boron (B), in about [ 6x1018 to 1x1020cm - ] three high impurity density. 
[0038] According to the gestalt of operation of the 3rd of this invention, it is p+. Si layer used as the 
Source field 409 is formed on the SiGe layer 44 with a large lattice constant, and serves as, a distortion 
silicon film from Si. p+ By forming the source field 409 with distortion silicon, compared with the case 
of MOSFET of the usual silicon system, the band gap Eg of the source **-izes too (for example, •• 
deltaEg= — about 0.2eV is **-ized), consequently the electron flow from a channel to the direction of 
the source can be promoted sharply. 

[0039] p channel SOI-MOSFET of the gestalt of operation of the 3rd of this invention can be 
manufactured by the method shown in drawing 8 (a) - (f). namely, (**) — while forming the embedding 
oxide film (SOI oxide film) 202 with a thickness of lOOnm in a portion with a depth of 200nm from the 
surface by performing 1300 degrees C and heat treatment of 5 hours as shown in drawing 8 (a) after 
injecting oxygen ion into n mold (100) silicon substrate 21 on condition that acceleration voltage 
180KeV and dose 2x101 8cm-2, the SOI film 231 of n mold is formed in the substrate surface. In . 
addition, although the SIMOX method was mentioned as the example as the formation method of a SOI 
substrate, a lamination method (Silicon Direct Bonding:SDB law) may be used here (the same is said of 
the case of other operation gestalten). Next, after oxidizing thermally the surface of the SOI film 231 of 
n mold, the production process of carrying out etching removal of this oxide-film portion with a NH4 F 
solution is repeated, and the n mold SOI film 231 is made thin to lOnm. 

[0040] (b) Next, as shown in drawing 8 (b), form the SiGe film 44 with a thickness [ of 50% of 
germanium concentration ] of 30nm with a CVD method on the n mold SOI film 23 1 . At this time, since 
germanium concentration is high, the SiGe film 44 grows exceeding that critical thickness. Therefore, it 
does not have consistency with the lattice constant of Si of the n mold SOI film 231 of a substrate, and 
the Six germaniuml-x film (0< x<l) 44 is Six germanium 1-x. It grows up with an original lattice 
constant. Next, as shown in drawing 8 (c), a photolithography and RIE are used, and it is the SiGe film 
44 p+ It is made to save only on the SOI film 23 1 of a source field and the becoming field. 
[0041] (d) As shown in drawing 8 (d) below, it is SiH4 as a raw material. With a CVD method with a 
membrane formation temperature of 550 degrees C used, n mold silicon (Si) films 45 and 45a with a 
thickness of 80nm are formed in the whole surface. At this time, partial 45a oh the SiGe film 44 receives 
breadth distortion among the n mold Si films 45 and 45a, and it is Six germanium 1-x. It grows up with 
a lattice constant and becomes a distortion n mold Si film. Since the substrate is the n mold SOI film 
231, other portions do not receive distortion, but they grow with the lattice constant of Si original, and 
serve as the undistorted n mold Si film 45. 

[0042] (e) it is shown in drawing 8 (e) below — as — CMP (chemical Mechamical Polishing: chemical 
mechanical polishing) — carry out flattening of the surface of the n mold Si films 45 and 45a by 
technique, such as law, and form the isolation insulator layer 24 around the portion used as a barrier 
layer after flush-izing. And sequential formation of silicon oxide with a thickness of 5nm it is thin to 
gate oxide 25 on the n mold Si film 45, and the boron doped polysilicon film with a thickness of 300nm 
it is thin to the gate electrode 26 is carried out. In addition, since **** with the n mold Si films 45 and 
45a is about 30nm, flattening by the CMP method etc. is not performed, but it leaves ***♦, and you may 
use as criteria for mask alignment in photolithography etc. Next, as shown in drawing 8 '(e). pattern 
NINGU of the above-mentioned doped polysilicon film 26 and the above-mentioned silicon oxide 25 is 
carried out, and the gate electrode 26 and gate oxide 25 are formed. At this time, it is most desirable to 
make it come directly under gate electrode 26 edge, as the interface of distortion n mold Si film 45a and 
the n mold Si film 45 of an undistorted portion shows drawing 8 (e). However, the above-mentioned 
interface may also enter into a channel, and the above-mentioned interface may be in the place which is 
distant from a channel from gate electrode 26 edge. Next, he is BF2, using the gate electrode 26 as a 
mask, as shown in drawing 8 (e). After carrying out the ion implantation of the ion on condition that 
acceleration voltage 30KeV and dose 5x101 5cm-2, 850 degrees C and heat treatment for 30 minutes are 
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performed, and it is p+. The source field 409 and p+ The drain field 410 is formed. At this time, it is p+. 
Although it is most desirable that it is in agreement with the interface of distortion p-type silicon film 
45a and the p-type silicon film 45 of an undistorted portion as for the pn junction of a source field and 
the n mold Si film 45 of an undistorted portion, the above-mentioned pn junction does not need to be in 
agreement with the aboye-mentioned interface. 

[0043] (**) Finally, as shown in drawing 8 (f), it is Si02 as an interlayer insulation film with a thickness 
of 400nm to the whole surface. This Si02 after forming a film 21 1 A contact hole is punctured on a film 
21 1, the source metal electrode 218 and the drain metal electrode 228 are formed, gate wiring (un- 
illustrating) is formed further, and it completes. 

[0044] In the case of the gestalt of operation of the 3rd of this invention, they are the SiGe layer 44 and 
p+. They are two ** band gap materials called the distorted silicon layer 409 to coincidence p+ Since it 
forms as a source field, above-mentioned electron flow is promoted further and is very effective in the 
substrate suspension effect control of p channel SOI and MOSFET. 

[0045] A ** band gap material with a lattice constant larger instead of the SiGe layer 44 than other Si, 
such as a SiSn layer, and forbidden-band width of face smaller than Si may be used. 
[0046] Drawing 9 shows the cross-section structure of p channel SOI-MOSFET concerning the gestalt 
of operation of the 4th of this invention. In drawing 9 , the n mold SOI film 255 is formed in the upper 
part of n mold (100) silicon substrate 21 through the embedding insulator layer 251 used as the 1st 
insulator layer. As an embedding insulator layer 251, they are Si and CaF2 with an almost equal lattice 
constant. A film is used and the part is calciuml-x Srx F2. It is a film (0< x<l) 252. Therefore, 
calciuml-x Srx f2 The 1st semiconductor region (n mold SOI film) 255 of n mold of the upper part of a 
film 252 became a distorted Si film, and the band gap has **-ized it. And it is the portion of the SOI 
255 which this band gap **-ized p+ It considers as the soiirce field 259 and p+ drain field 260, and the n 
mold SOI film 255 of an undistorted. portion is made into the channel field. And isolation is made with 
the thermal oxidation film 24 formed deeply until it embeds the SOI film 255 containing a distorted Si 
film portion from the surface of the SOI film 255 and it reaches an insulator layer 252. And p+ source 
field 259 and p+ which become the interior of this active region only from a distorted Si film by making 
into an active region the field of the distortion and the undistorted SOI film 255 which were detached by 
this element It will be formed so that the drain field 260 may embed that pars basilaris ossis occipitalis 
and may touch an insulator layer 252. p+ The source field 259 and p+ The source metal electrode 218 
and the drain metal electrode 228 are formed to the drain field 260 through the contact hole formed into 
the interlayer insulation film 211. Moreover, p+ The source field 259 and p+ The gate electrodes 26, 
such as polish recon, are formed in the upper part of the channel field 255 which is a distortionlessness 
Si film between the drain fields 260 through gate oxide 25. 

[0047] p channel SOI-MOSFET concerning the gestalt of operation of the 4th of this invention can be 
manufactured by the method shown in drawing 10 (a) - (c). 

[0048] (b) it is first shown in drawing 10 (a) - as - a silicon substrate 21 top - CaF2 a film 25 1 and the 
n mold SOI film 255 - a vapor-phase-epitaxial-growth method and MBE (Molecular Bean Epitaxy) — 
sequential formation is carried out by law etc. Next, as shown in drawing 10 (a), after forming the 
isolation insulator layer 24, gate oxide 25 and the gate electrode 26 are formed on the n mold SOI film 
255. Thickness of the n mold SOI film 255 is set to 30nm. 

[0049] (b) It is Sr+ ion, using the gate electrode 26 as a mask next, as shown in drawing 10 (b) CaF2 An 
ion implantation is carried out by acceleration voltage 80KeV and dose lxl017cm-2 so that the n mold 
SOI film 255 may be penetrated on a film 251. Then, it is CaF2 by heat-treating. It is calciuml-x Srx F2 
in some films 52. It is made to change to a film (0< x<l) 252, and distortion n mold SOI film 255a is 
formed in coincidence in self align. The interface of the distortion n mold SOI film 255a and the n mold 
SOI film 255 of an undistorted portion which are the thereby most desirable gestalt can form now easily 
the structure which was in agreement with the gate edge. 

[0050] (c) it is shown in drawing 10 (c) below — as — the gate electrode 26 — a mask — carrying out — 
B+ 49BF2+ etc. - performing heat treatment, after pouring p mold impurity ion into distortion n mold 
SOI film 255a — p+ The source field 259 and p+ The drain field 260 is formed. It is the same as that of 
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the gestalt of the 1st - the 3rd operation, and a next production process is Si02 by a CVD method etc. to 
the whole surface. If the interlayer insulation films 21 1, such as a film and a PSG film, are formed and 
the source metal electrode 218 and the drain metal electrode 228 are formed through the contact hole in 
this interlayer insulation film, p channel SOI-MOSFET of the gestalt of operation of the 4th of this 
invention shown in drawing 9 will be completed. 

[0051] In the gestalt of the 1st - the 4th operation of the above this invention, although only p channel 
MOS FET was described, this invention is not restricted to the semiconductor device only using the 
above p channel MOS FET. This invention can be used also about circuits, such as CMOS-LSI in which 
not only LSI but n channel MOS FET which uses only p channel MOS FET in operation of this 
invention is intermingled. 

[0052] In addition, according to this invention, in the contact section with wiring material, the energy 
difference between the valence bands of p+ semiconductor (the so-called Schottky barrier) decreases 
from the Fermi level of wiring material according to the band gap of the source section, 6r the source / 
drain section being narrow, and contact resistance becomes low. Consequently, the conversion ■ ■ 
conductance gm of the semiconductor device of this invention increases, and high-speed operation 
becomes possible. 

[0053] Moreover, the narrow material layer of a band gap may be formed in the upper part and the lower 
part of a source drain field. In addition, not only the gestalt of the above-mentioned implementation but 
the thing which it deforms variously and is carried out is possible for this invention. 
[0054] 

[Effect of the Invention] As stated above, according to this invention, the substrate suspension effect of 
p channel MOS FET with the SOI structure accompanying detailed-izing can be controlled. 



[Translation done.] 
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* NOTICES * 

Japan Pa-tent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 

3 In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 11 It is band drawing for explaining the principle of this invention. 

[Drawing 2] Drawing 2 (a) is the cross section of p channel SOIrMOSFET concerning the gestalt of 
implementation of the 1st of invention, and drawing 2 (b) is drawing showing the static characteristic. 
[Drawing 3] It is a cfoss section for explaining the manufacturing process of p channel SOI-MOSFET 
concerning the gestalt of operation of the 1st of this inventipn. 

[Drawing 4] It is the cross section of p channel SOI-MOSFET concerning the gestalt of operation of the 
2nd of this invention. 

[Drawing 5] It is' a cross section for explaining the manufacturing process of p channel SOI-MOSFET 
concerning the gestalt of operation of the 2nd of this invention. 

[Drawing 6] It is the cross section of p channel SOI-MOSFET concerning the modification of the gestalt 
of operation of the 2nd of this invention. 

[Drawing 7] It is the cross section of p channel SOI-MOSFET concerning the gestalt of operation of the 
3rd of this invention. 

[Drawing 81 It is a cross section for explaining the manufacturing process of p channel SOI-MOSFET 
concerning the gestalt of operation of the 3rd of this invention. , , 

[Drawing 9] It is the cross section of p channel SOI-MOSFET concerning the gestalt of operation of the 
4th of this invention. 

[Drawing 10] It is a cross section for explaining the manufacturing process of p channel SOI-MOSFET 
concerning the gestalt of operation of the 4th of this invention. 

[Drawing 11] It is an example of the structure of conventional n channel SOI-MOSFET. 

[Drawing 12] It is drawing for comparing drain pressure-proofing of n channel SOI and MOSFET, and 

the n channel bulk MOSFET. 

[Drawing 13] It is drawing explaining the over shoot of the output current at the time of switching of n 
channel SOI and MOSFET. 

[Drawing 14] Drawing 14 (a) is Six germanium 1-x. It is a field n+ It is the cross section of n channel 
SOI-MOSFET which it has to the source / drain field, and drawing 14 (b) is the potential profile (band 
diagram). 

[Drawing 15] Six germanium 1-x It is drawing which compares the Id-Vd property of n channel FET 
which has a field, and n channel FET which it does not have. 

[Drawing 16] It is drawing showing the substrate suspension effect of L= 0.2-micrometer p channel 
SOI-MOSFET. 

[Drawing 17] It is drawing ( drawing 17 (b)) for explaining drawing ( drawing 17 (a)) and the CMOS 
inverter which compare the conventional p channel bulk MOSFET with the I-V property of conventional 
p channel SOI-MOSFET. 
[Description of Notations] 

21 Si Substrates 23 and 45,165,231,255 1st Semiconductor Region: SOI Layer Single-Crystal-Silicon 
Layer 
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24 Element Demarcation Membrane 

25 2nd Insulator Layer : Gate Insulator Layer (Gate Oxide) 

26 Gate Polycrystal Si 

27 After Oxide Film 

28 44 The 2nd semiconductor region: SiGe layer 

29 SiNSide Wall 

202 1st Insulator Layer : Embedding Oxide Film (SOI Insulator Layer) 

211 CVD Si02 

216 312 p+ Source field 

217,23.8 p+-SiGe source field (the 2nd semiconductor region) 
218 Source metal electrode 
226,313,410 p+ Drain field 

227,239 p+-SiGe source field (the 2nd semiconductor region) 
228 Drain Metal Electrode 

251 1st Insulator Layer : CaF2 Film 

252 Calciuml-X Srx F2 Film 
255a Distorted Si layer 

259,409 p+ Distorted Si source field 
260 P+ Distorted Si Drain Field 



[Translation done.] 
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DRAWINGS 




[Drawing 2] 
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[Drawing 71 
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(54) [SWCD^] ¥«#g|S 



(57) I — -my 

mm] &fcmm%)$ki>mmt P ft> 

tt^ffl, XWwUPtKliTaCS i x G ei _ x , 
Si x Sn H ^^^^>'^/^|F|5^^||^;LTV^«5||l^7) 

w*©** «^K*-r ^humwwo £&&-r 

5 0 




1 

1 1 mi <Dmmm±\z.M&£ixfrnm<nm 1 

<0¥«MMWgEi: x y-*«*ir, FKyS8t, ISfg 

(Dm 2 (7)^^^^ u-ci^m i (n^mfrmwttffitizm 
ffizmm-rzy- hmmt*^-tz> hv^^^^^p^ 

*U:M6*-T?aMWBfB 1 o¥##SI«J; «9 f>»fKfflNBo 
'h $ v >m 2 co C t £ -f 6 

2 ] mi <ommm±\ctef£$titinm<Dm 1 

y-^^*i:, K^yfi*^, k$ 
TJRjB 1 ^*#flc««Srj5etb-5«StSrWJI»r-5y-- 

K y - * » J: K M >fg«ctc: tt p S^ffi«b5ciR 

ft, iy-^fc^^KK yg*^< i:t)-^li 

& 1 «t 9 t>*»J«r«^/hS V 2 

[|f*«3] JtEJIii^lttStti/yay (s 
i»*«4] MB*io*»*«*r±^y (s 

i) T?*D, «HE»2eo**{t:tt*WtS i x Ge H X 
«Si x s ni _ x ■C*>Srt«rW«i'r6MI**lXf4 

[0 0 0 1] 

*»*««*3J:t^c*t*:^WIHileIIB (LSI) ^co^ 

a¥*#»Bu:H;b*. 

[0 0 0 2] 

r^ir^y^ey (dram) R^lca^ft^^ft:* 

ffliuss (lsi) (omMmit^(Dmm^nm^^(D^ 

L^L, DRAMSrMl^RfltSt, ^SS^Oii 
7-Sr8&< - fc«)^-feyuSS^«tfR!5SjaiU< &oTl^5 0 

d r amco y ~y h^y—ffiit^tcMatmi nzTjk-fx 
b tmrnm (soi ymm 2 0 2±©»»fti/ y = ^ 

Ml 6 5±lJlip*#*^S:fP5, V*»5SO I (Si 
1 i c o n-On- Insulator) tgj£#5£g/B£ 



(2) 4$BH¥ 10-12883 

2 

m&t&m+t LTtiT$)5 0 so i»5gsrfflv^ 

tf. T^7T«HwJ;?)»^-r-5«^ • jETL^-S:. SOI 

p) 1 6 swzmm-rzzkfcx'Zztcisby? 

lfffi^^lwf^±i-^> 0 [ill lfin^^^^SO I 
^f^Xfc6#. ^Onf ty^SO I ^^F-fi. [Hi 2 

/v.) l^J:5, v^^SSiE^iBaiS^CSfciC) KM 
10 ^W&IlljE/^Vl^MO S F E TlCit LT{£l^ 1^ 5 ^ 
,&i^&6 0 tfct*^nft^^SO I fjf^fijll 1 3 

[0 0 0 3] C<7)J;5£\ nft^SOI • 

Wl-2 5 5 2 5 2 *^«) o 4«PH¥ 1 -2 5 5 2 5 
20 2f^#l^$nfcMOSFETm^|j:y^i 

[0 0 0 4] S i ^ft^ffiitt^MOSFET 

^t>C0f±S i x Ge H (0 < x < 1) -e&«9. ^fL^: 

^V^fcSOI -MOSFETCO— o^rlHl 4 (a) 

i~o Ml 4 (a) (Onf^y^SOl -MOSFET 

ni$mtK t^6s i 201 <D±{z.mitm^(r> s o i 

30 M 2 0 2 tl^ WlCMI i ^5 p SO S 

OIi2 0 3W$tl, rcOSO imco— a5{dn + y 
-VK^y«2 0 6»*$tltt^o 014 

(a) <DW&n, ^<Dn + y — ^/ K U>f >^i|!c 2 0 6 
<OrtSBfclS i x Ge H i2 0 7 t>m$,£tlX^Z>&X* 
fo& 0 n + y-^^2 0 6 in + K \s>C >W$L 2 0 6 
i:J-«*ttfcpS!SO I^^^-5^^>-^^«c2 0 

n ^ y^^MO SFETt ^T3?5 0 
40 [0005]814 (a) Onft^SO I - MO 
SFET^/Kry>'t^7 P D77^^^il 4 (b) |r 

^i"o C(DJ:5/j:MOSFETm 014 (b) 1^ 

xm<-tz>zh&x$c^ n+y-xmi&ftift^ffinzjE 

^V^yV^O. 5/im^nfty^VSOI -MOSF 

e Tcom«m/E#f4^Ei i 5 tc^-f 0 bis 

50 kVlC*5V^T, K-Xi$=3X10 16 cm- 2 X^ty 



(3) 

3 

&ALfcSOI • MOS FET^oV>TW^L/ct>OOT* 

l"Offi&k'tZ> (S iGeiiit^) n^-r>*/ls 
MOSFETl^U m&TwtS i GeMV-V 
K I'-Y V««rtfflid^r1"6 n ^ y^/VMO S FETIi 

So 

[0 0 0 6] (214 (a) fc»rWIIJMr«LfcJ:5 4n 
ft^^SOI •MOSFET«J^T<oJ:5*ai3&X 
S"efi!jg§tt-&o *"f , S I MOX (S e p a r a t i 10 
onby IMplanted OXygen)j££rffl 

v^SOl«Sfcft*t4. ^y=^S«2 
0 lfcitelM' ty^t^AU fR^S-fSCirtcJ: 
5, ii^v'li^yl (SOIi) 2 0 3 ^TI^)'>!J 
^>gffi2 o l £#8S-r6J; 5*-, ffl«>i&*8Mt:JR (s 

0 I ttftffi) 2 0 2 zmfirTZo * LT> li<?)SO I 

1 3 N 4 g?»fcLOCOS (Local Ox i 

da t ion of Silicon) fefia^M 20 

-r* te/cu mi 4 (a) \z»^xn, m^m^mm 

T> LOCOSMV^Si 3 N 4 I^KU *? 

(soiB) 2 o 3^ffiicfR^bfe^tcj:!9y- 
ftl«2 5SrJgfifci-6o ^ucof, c<t)±i:lpcv 
D(Low Pressure Chemical V 
apour Deposition) fc^(Cj;-5^y '> 30 

0^h/^-^-7^^HTRIE (React 
ive Ion Etchin) ft^U^ ^yi/y 
= h m« 2 6 , & h ®tfb;Jg£ 2 5 £fl^ft-f 

6 0 tit, n + y-^/ K 2 0 6 M(^)fc 

5 0 JRv^C, cwy-VKKyii206i:Ge^ 40 

0 6 CD^gfiUl S iGel2 0 7 *r«/tfc-«xtf . HI 1 4 
(a) l£^H-<fc5&> nfty^SOI -MOSFE 

T^^K-r^o I^W^oi, $e>K»fk»L psg 

[0 00 7] 50 



4#HIWl 0- 1 2 8 8 3 

4 

OI • MOSFE TldoV^-Ctt*ifi*T KKy«I 

^SOI • MO S F E T OISIW^ n ft 
SOI ■ MOS FETco^rtll-lt^h^ < , ^oK^ 

^3SM#t-<tef¥3RB*jHft^<fcD, y-hf 0. 5 
£*Tco^i^£:fflWcL S I — 
pft^SOI •MOSFETl^V^t)^(0ii 

Wi^y«ot^fc 0 ^J^tfiie ( a ) ici^-f- 

-t^CpftV^VSOI • MOS FETT*t) I d— V 
dSf^^^^r^^^^^ttaCb, &£l>f3\ (Hi 6 
(b) IC^rf-J; 5 4 5fiff««W LSt^«»(OSf 

* mtt 6 c t a* ^ M z t £ 0 T /Co - n fe ^ s 

Wt-lilinft^/VSOI 'MOSFET^Mi 

£3i#jgr-r 0 $f>nni7 (a) \^-rmti. 

MOSFET mm) l-ltUT VjjftJEcOiSTLfc 
pft^SOI -MOSFET (HIS) SrW^tfBI 
17 (b) tC^rf J: 5 4CMOS>fy/^ *EhJ&§(wJ8^ 
fcS&^lc^^TteA^&iS i^yi' (High) [z LTt 
BiA^fti/^v (Low) tr/^^TW^^^/^-r >Jf 

[00 0 8] KJiJfi^fcBBHjSCSrlB^^W^BWWt. 

HX^4<4oX#tV^pft^^SO I - MOS 
FET^pMOS L S I ^CMOS L S I ^(D^m 

[0 0 0 9] 

Kl, *5IWflf?l<o«5iSM±(c:^$n^nSo^i^ 

y-^mmt, v\"{iswtLk. mmi 

>T vffittc^/^^ < ^ t — ^<DM*co^^ < 1 SRXfi 

2 (0^#g«^P>^SCi: 1 <7)#m£-r 
[0 0 10] *?>^J:IEB6«?S:afiKi-6fe«>^ *3§HJ 



5 

y-*««*. KKy**i, »mi<o^m»» 

y-x*j J;tf K u>f p ®*»»5g**s** 

IB l <o¥*#fi«J: <9 fcMCSfflrWE g 0>/h* v*JS 2 

[ooii] Ctfv^K^s^E g ^hSiS2(D^ 
LTttfBl S i i: Lfc»dfc 

ttS i 3R0>«*M*»* L< , **»|CttS i x G 
e j_ x , S i x Sn H LV\ 

[0 0 12] £fc, »2 0¥tt{*tttt£ L-Cf4, 
»^*#<4S*l«lJ:ii«rrt*-t-6s i Xh^\ ctt 

6>-©tt»0*JEjl^tti: L-CfiG efcev>fJSnO)S i * 
— <D>f ^-^A, SiGef ( S i G e <Dfrt> 9HSi 
SnI*t?t>J:^) tf>S ii^IRCVD, SSrgtt 
(t&^-^m^ft^/^V^ SiGei (&6W;tS 
iSni) O»fiKfc^<0±^S i WjBfifiKfi. C a F 
2 S^CaSrF 2 M±^(D S i <Ott*fiKfi*Srfifx.« 

<fcv\, 

[0 0 13] 0 5 KIWI'S iGe!2 3 8, 2 3 9<£>C 

+ y-VKwyit3i2, 3 1 3<o±mz**»m 

HE g ©/h*V«2^t#ffl«2 3 8, 2 3 9« 
§nfdC^^*6 0 £fc, i G eJ!4 4<D 

±tdS i 14 5 a £/&gLfc^K|;£p + y-*®igc4 

[0 0 14] I§11 (a) LT, P + 

y-*<fi«0*£«f|5S:S i GeiX«U p + y — 

K0S:^i-t«OT*ifeSo S i C»LS i x Ge H teA 
E v*rrt^V K^ir ^^ s *v^/t«)|cflB«iF-«F«(cAE 

i-a-i-e^^f-wffl*! dsai (a) \^7jk-rm^m 
<^p + y-^««-w«Attffiit*tt, mtiLwm&skft 

»»J$*l6, 3SS&-htelDl (a) 0j:3l^fp^# 

6^»jttt«±*>e>«. mi (b) (DXyiztez-ti) 

%XL^*iS 0 o^!9, mi (b) |j:p + y - 
gflj^S i Geg£>J&£\ Thfefc>*>. SiGe/S i 
o^ffi^p + y-^®Sc4»lwfc-5»&co/<^KigSr 

^-rtcoTfc^o :^p + y-*««*u:s i aq? 



W) 10-12883 

6 

i-*a*ix^«^fip + y-*<S«fc»VNtti$;h,6 0 s 

i %<om** i o n mUT<nnmxmm-rz> c & 
mi (b) fc«-rs isww*p + y-^^«ic??ffi-r6 

«5g"Cfc pft^VSO I 'MOSFET(?)SMi 

[0015] — ^-r^/HcSofcS^-oy— x~.<d 

£ s i G e jflo^«4Wfeft 

n SiGe {;i *f-U P + ^^*^>S i ffi<fc^««M!BSn 

s i^Kttiii mi (c) ^Tjk-rmte'^b-mtte 

OttT-Jw»-rs»SttAEvJ:t)t/hS/jjffl[AE «A 
Ev) C £^T*#6<7)T\ Hi (b) tf)^J;t> 

20 t»ft6!n?*6. SfcHl (a) i;nsi x G ei _ x 
^•r^-*/i-«^Aofe«5gT*t «fc<, -<os^t>, ± 

^^J:5^m^y-^^co5i#fe#^^i:-5 0 

[0 0 16] 

[3&W*>XJfiWgliB] m2 (a) tt#«W<a»i^ifc 
^Iit^6pftV^yl/SOI -MOSFETOW 
mm^Tsk-To M2 (a) iCjoVNT^SS^/^^n^ (1 

oo) *>v =t>mfiL2 i<D±mzmi<nt&mm (soi 
mmm) ^^sj6^«2 o 2^ttns^ 

1 ^»^«^j:6nSSO I ^2 3^^g$ttTV^ 
30 £ 0 ^LXnSSO IJR2 3|iSO IJK2 3 4>Xlld>b 

M2 4ia^^»/^tlt^^ ^UCOi 

p + Kl^>T^**2 2 6*s, ^:<^JE«FRS:ffi«)^lMbiR 

2 o 2tc»f5J;5lc:^$HT^So p + y-^®« 

2 16MO'p + KK>S«2 2 6(^rtSRtC:« x tffn 
^ (B) Sr^tfv^y =i^y/^ (S i Ge) m%&2 1 
7, 2 2 7«$tl, C(DSiGeffi«217, 2 2 
40 7<0J2»ULWU IMbBl""(S i0 2 K) , PSGg, BP 

sGi^if H «i2ii«^, cvmrnum 

12 11 tp^M&Ztltc h^-yW^^LTy- 
^Mlli 2 18 3o£Tf K l^>f V^Jgm^ 2 2 8 dSjgfifc 
^tLTV>6o HI 2 (a) tt«SJi. ff3SL/cm^»TD5m 
■Ckt), iRfiSiGe««2 1 7, 2 2 7^fctt*ffl 
Lfcp + y-*/Kl~r>'««2 1 6, 2 2 6fil0n 
mJaT<Oj»V^««-e*6, ^fcp + y-^«tt2 16*5 
J:^p + KKy««2 2 6tC«[^ix3t^^^^V|g« 
2 3<D±^«^2 0i»iajK^^^y-h»jbK2 5* 
50 ^UT. #y^l^3^»<oy-h««2 6dS*j«StlT 
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i>6 0 # y y 3 y y- h IS 2 6 

(b) m<Dpm^¥^KM*G X 1 0 18 -6X 1 

So 

[ooi7]i2 (b) \**mw<nmKDmMm\z&z > 

l*^pfir^SOI 'MOSFET(DKKyl 
S(N) -K^-f^mJE (Vd) ifcg* 
LX^-T[g]X£>5 0 [§]2 (b) \Z7jk*tld-Vd%f&n 10 
y— L = 0. 4 £i rru ^-hiW=l OO/im^p 
ft^SOI • MO S F ETCo^T^t^T'fc 
•9, $I«Ge + ^^>$r 2 5 Ke VX K-Xf3X 1 
0 16 cm" 2 tjT^p + -S i G e^Jtgc2 1 7, 2 2 

+ -S i Ge®«^tL^V^^ (###J) (Dftfti 
Xfc£ 0 p + -SiGeS«2 1 7, 2 2 7$:tf-5C 

<tr tci j; «9 . ^^>^m^m^ti±m^(o P + y-* 
^ciLtv^6^t^^o 20 

[0 0 18] IU2 (a) Kl/cpft^SO I • 
MOSFETJ3:g]3 (a) <^m 3 (d) iC^^r^[^J: 
oX$!j£X£6 0 

[0 0 19] (>T) £1\ nf (100) OSiI«2 

i \zmm&tommf£ i s o k e v. k-xi 2 x 1 2 18 
cm" 2 tttAu 130 onx* 5mm&Mm~t-z>\,^<& 

6S IMOXftlCj;^ v'y^yM^^^oon 
mO^f^;* 1 0 0 nmOlfeii^M (SOIgHb 
flU) 2 0 2$:«t§ o C^)^SOIiftl2 0 2iO 
JiSRl-^^^v-y (SO IBI) 2 3^2 0 0 30 

n mfl2/&£ *t£ 0 tfcfc: SOIB23 co^SD^rf^^t: U 

SOIi23$:100nmf$^T*i<t6 o 
[0 0 2 0] (n) ft 1^1 L O C O S fe^^i^t jb^lR 

^m^m-r^o fey-hi«2 5^5nm<?)f$ 

(CTI^U #n>- ( B ) ^ 1 0 20 cm- 3 K-yUc^ 
SSi W^v/^y) 2 6$:2 0 0nmgg(7))?$|c 
CVDffil:j;!)iau 7thyy^77^iMffiv^ 

XH13 (a) Iw^-T^tcy- bmm2 6 <b LX*nilh 40 
&o 7hchx^y— hlL-0. 4 Mm, y-h*SW=l 
0 ix mCO^ffil^y- ftlw^M^r^b 
U i?£ 5 nmOM«2 7 i ^® (_b® 

[0 0 2 1] (✓n) ft|I@3 (b) l^l" J; ? 1^ Ge 
5:MlJE3 0KeV, K-Xfl-3X10 16 cm" 2 
T^t^AU Ge|rt o -^ISt*10-3 0%^ 
^rf~<5 S il ( S i q 9 Ge 01 -Si 07 G e 
0.3 ■> 2 8^Mf5o 

[0 0 2 2] W ftHMl;SiNlg^2 0nm^S 50 



$fM¥-l 0- 1 2 8 8 3 
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U ^(D^^M^-y^^^m^X. "9E13 (c) 

V. F-Xl3xi0 15 cm" 2 T^t>^AU 
8 5 ottilfi^ 3 0 5>CDT~-/P£-f SVi-J; 
tK SiGe(Op + |2 1 7, 2 2 7*3ir/S i <7)p + 
12 1 6, 2 2 6$rMt6o 
[0023] (*) $e>^®tc:cvD^{c:j:t) s i 

0 2 PSGE BPSGl^lF H mti2 11J: 

3 0 OnmliiU C <agP*mildgl 2 1 1 f (Dj^cOgfl 

hffiTL^^^, gfii^fck #J*LtfS i, Cu 

tt^A i (Ai-si, Ai-cu-si) 

C4 0 0 nmm flDX-T 5^iw X <9 m 3 (d) ICtjH" 
J:5l:y-^MIIi2 i 8*3i:u?Ku^v^Jl^2 

2 8 #3g^fg i <Dmm<nwm<D P ^ 

^SOI •MOSFET^f5 o 

[0024] mz^TFistz.mmmxn, y-^mm^ 

^^F^iC&S^ gji (a) ~ (c) ^^^Tffl 

iGetMMl«<, (Hi (b) , (c) OJ:^ 
^•Y^/V««c^»UXV>Sy — ^fflfiiS>«r 1 0 nmg 
fi?> P + -S i ®*2 1 6*S»S«Bt'C*)oXt>^*fo 

ftv\ p + -s ia5^^^p + y— */ku>t:hh 

^BF 2 + >f ^>aA^)«tr*5*t5 8 5 0-9 0 0 

* o4£«k«*S«X*# znm^'b S v >^ t, X-«> So * fc, 
$e>l-T^-^^$r^S^ti^p + y~*£W>«<b^ 
TP^M^-8$fii ( a ) fcS-t\fc5fc#^ 
y Vir /^o 7 r >f /V'SrfS C t 6 Q £<0«fcB 
<^ltt»«:ffiii"J-ST— — yHctoXBIl (c) 

i«0^«»«Jn s i^y-^S i Gegfltf)^ 
MIHftft n SiGe J; «9 fc**«:Jra-r 5 C £ 

lwX#S 0 ^5t*Hffi^ffiX*iGe-r^>^S i 
l-^U USEicAJW WtyftA) $i^fc^, Ge + 

tf 7° ) SrWfc^X^nJfBOfifcaftWHWUXtJ: 
v\ ^5tG e + >r^->-^j: 19^^ v^^lciifiv^^AM 
$^6fc^. ^fc»^>6Ielte^^-^^A 0»«>-f ^-^a 
A) irj:S4 0 o f t A £fr o X t> £ I \ 

[0 0 2 5] ^fc, WMloiWtT^Si 
G e K=¥-^ UXffl^XV^5^ N 

S i G e Si^^Si J:H^yK^tiy 

[0 0 2 6] p + B?gfifcc?5fea«)(05F|rBiftSrJi|E3£*t?tt3j? 

(b) t lxvn-5^\ -r^>?^^ (i n ) fcaws 

^y^^ (Ga) ^(7Dftfec7)III ^^)^*fiife^ffiV>X^J: 



9 

\<\ ±IB^KM{w*3l>T«SAL I C I DE (S e 1 f 
Aligned Silicide) ^itl-LTl^ 

c i DE«3gtaffl*r«refc* Q 4^2 (a) 

fcflK&-mp + y-*/KM >ft*©H**SS i Ge 
l:^ot^6iO\ ttP^^Mliy-^SW^S i G 
e lr LTt>ifefoix<iCV\ ^.fc^^ l/^/istplZ. S iGe^ 

^O^V KHflH 1 (a) fcifil^eOT&DflBS^HIf* 

a e v <D'<> h-^mm&fc'y ^*>H««c»ib-j-a 

[0 O 2 7] b(D^&S i li#n^ (B) K-y 
WpIK-^K • #y v-y 3V<0fc<B|c:oi>TflB3£l,-C 
i^S**, y> (p) K-^f©nIK-^K«*!/i/!l 

h*(D2}§ffim T?t«tV\ £fc, W, Ti, Mo-^iB 

[0 0 2 8] H4W:*»m^»2OSI16<0«||BlJ:«5p 
ft^SOI • MOS FET<DWrffiW& Zfft-to m 

4ic*5v>xn^ (100) is}> =^m&L2 i<D±mzm 

»10**#«*i45nlSOlB2 3^JH-C 
V>5 0 ^:ttniSOIl2 3|iSOIl2 0 3(DfS 

Ts z(Dfe&mw<r>ftm^p + y-*«*3 1 2*5^0? 

2 0 2tcft-*-S<t 5 WB/SS*iT^S 0 p + y— 

3 12*5j:tfp + K^>««3l3(0±ai:ft ff*2 
W|«t/^#ny (B) ^p + -SiGe 
ffiiUc2 3 8, 2 3 9dS»fifcStt"Ct^5o SiGeg«2 
3 8, 2 3 9 <Z>±ffl^««|fflttJBd«2 1 1 tm&Ztl. 
SiGe»2 3 8 ( 2 3 9 tCjfcf U SRQtgtijK 2 1 1 

■t'l-^^ttfc^v^^ h^-^^Lxy-^^jpim 

&2 1 8*5<fcU*Kl"f ViIIi2 2 8^»A$ttTl^ 
6„ p + y — *®$c3 1 2*5j;t>*p + Vis-om 

5^tx, *yi/y=i>#(oy-ht«2 6^s 
tixv^o #y v/y ^yy- hm^2 6o«gstc»«Ht 

ftMt»-fr&ix6»v^btt2 7^/&£*it^6 0 p 
+ y-^^«c3 i 2, P + K^vi«5 3 i sn. fck 

^Lff^n V (B) §Op»»6X 1 0 18 ~1 X 1 

[0 0 2 9] *«WO*2 0D|tJfi^ll8^«Sp^^> 
^SOI • MO S F E T 13:113 5 (a) ~ (c) 

i: b tmm^m^x r> w&+z c t t*x% * 0 

[0 0 3 0] (-f) SIMOXft^J:6SOlSfi 



(6) 1 0- 1 2 8 8 3 
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(simox-soiSS) *3<tt/^o 

SIMOX-SOIISWU LOCOSMfV^c 

m*ftffi'&^ y-hiMtu BK-^jBfisiR2 

[0 0 3 1] fttCl±®K S i NK* 2 0 n m(Off$ 

mS (a) JC^-f <fc PlCffl^S i NJHI2 9#^/££*X 
10 £ 0 

[0 0 3 2] (n) ^|CS iH 4 ^^GeH 4 
KJS^/BV^cCVDftldJ; t) nSSO I JB£tf)^m Lfcgfl 
#0>S i *ffifc:|g5 (b) Id^-rj: pl-31^Wtcs i G 
ef2 3 8, 2 3 9^rl0 0nm(7)]f$Tilit6o ft 
l-B + $:30KeVt3Xl 0 15 cm^t^At 

So 

[0 0 3 3] (^) &^S»g8 5 0t, £3i#IS 
^ + T\ 3 0^(DT^-/^^^mz^i) ^ SiGef 

2 3 9^^©TOS itp + iia P + -SiGe 
20 i«c2 3 8, 2 3 9 p + y-^^3 12, p + KM 

^Ii3 13»*t^o £ib(r{2]5 (c) iZ*k~f£5 

\c£mizcvummz.£ 9 s i o 2 BIS?oJilB«&j»ffit2 

llSr3 0 0 nmO»Stitau Ctf>SBMft»K2 1 
l+M^*^ hTLSrBBtt. ««Jx.«S i, Cu 

MWA 1 ^SII4 0 0 nmii, *DX L y-*&JH 
2 18, KK >&J!mJ! 2 2 8 SrJB^g-t-ixtf** 
W<D&2<DmM<DMte<Dp?-V>*jUSO I -MOSF 

[0 0 3 4] &&W<Dm 2 ^HffiO^ffiT'H nfSOI 
30 I23^±i: % CVDHJ:I3S iGef2 3 8, 2 3 9 

£fl2j#LT^<5fc*6p + y-^/K^yi^Hf 

nmi (b) ^ (c) i|SgCfc0>£fc£ o ~<DS i Ge 
^PJ(D||2^Jfeco^ffiO^^(i^^y^ h««2 9 

[0035] *%w<nm2<omm<Dmm<r>m&mh ix 

NKdS/^t^gTfc^o S6(D«ig^»{tflg2 7<DM 
40 fifttH^fflaij/^y^fcfTVV nSSOIl23i(D 
**tO**r|»*Lfc«, il^CVDlCj:^ SiGe|2 

3 8, 2 3 9^100nm(?)j|$T«U ^iB + 
<7M ^-vaA^fTV^. SiGei2 3 8, 2 3 9<b^O 
T^nISOIi23!:p + i(:U p + - S i G e y 
^fti2 3 8, p + -SiGeFKyfi«2 3 9, 
p + -S i y-^«*3 1 2, p+ -S i 

3 1 3&^j£1-6 0 -t^«^xatt±IEi:raC*X?«>6 0 

[0036] ±m*&w<DM 2 <onm<nmm<Dmmjjttz 

50 Lfc^ x B F 2 + ^J:5*^ift^^5j-^J:-5^ 
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^i£A£/8^Tt> <fcV>U I n + ^Ga + ^^t<D^ 
*|-^££ALp + «SrJgfiKLTtJ:V\ £fc, SAL 
I C I DEHti££S/8-r5r it^Tffi-CfcSo $<bl-± 
ETOBf (^) pa^«»©*AtiS i G e« 2 3 8 ( 2 

mSiGel2 3 8, 2 3 9«aU WtH 
l-SiGei2 3 8, 2 3 9 ^(C p ®<0^«»<OS|A* 
fToTfc«fc^U CVD^^|CBH 3 , B 2 H 6 
^^AUS i Geia^fti: p + it&ft^T 
fc<fcv\, y<^K^5f^*v^#frtts i x G ei _ x 

-C*<tt<fc<, Si x S ni _ x , Geftffl^-Ct>«t 

[0 0 3 7] HI 7 tt##0!<&Sg 3 0Xtt0»ftftU:«« p 
ft^SOI 'MOSFET(DK®lig^t 0 0 

7i^v>tns (ioo) i/v =*>mm2 i<D±mzm 
3 i<D-&<D±m-&m2(D¥m»mmktf:z>i<>}) ^> 

ffr^ (S i Ge) S4 4«$k S i Gel4 4 

01123 i<o±maxmi<o¥m&mmttez>nMi>> 

y (S i ) K4 5dSJgA8*iX"CV^6o nISil4 

5(OSffl^P), n^SO 1 12 3 1 i O 

2 mw(om*ftMmmgk2 4&mf£ztix^z> 0 m*ft 

MWMB:2 4|tnMSOIl231 <D$tffifab £ b \Z1& 

v>&frmkM2 o 2izm-rz&xm<mf$.i,xi> 
ffl«^u, co«^igc^^^p + y-^s*4o 

9&£Xfp+ KK>i«2 2 6^«$tLp + y-J* 
^igc4 0 9fi-t<Z>]£8&S:S i Geg4 4 p + 

^««4 i 0fi^r^j£auS:ffi«)i&^SMl:tt2 o 21^-f 
5i-^/&£;ft/ri>£ 0 :^)p + y-^i«4 0 9, 

p + Kl"f V«K4 1 0K#U Sra!»i»JK2 1 

1 8*5J:t/KU-f ^11412 2 8 36S**S*tTV^a o 
^7tp + y-Xgi4 0 9^J:(/p + Ku>fyft«4i 
OcoP^^^^r^/^igc^/^^nMS i jg|4 5 <D±m^ 

y 3 y^y-hlS2 6^^S^TV^6 0 p + y- 
*fgigc4 0 9, p + K I— f VffiSU 1 0|3\ fc^xfcF/tf 
(B) ?OplW»xM6X10 18 -lX10 

[o o 3 8] *««o*3O|Bfe(0jgffilc:j:ixtf, p + 
y-^««4 0 9ift5S il^S i <tn»^» 
^#V^S iGe!4 4(7)±|CffM$^ I^jlayi 
t4ot^6 Q p + y — ^®«c4 0 9#EjE^^y 

os fetco^ (c:it-<x. ^?)y-^^y^f 

y/Eg^L (fc^tfAEg = 0. 2eVg|i 
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[00 3 9] *«W<ofB 3 (nmMcDMMv) p ^ ^/v- 

SOI * MO S F E T f3[U 8 (a) - (f) t^-f^ffi 

(-T) nS (ioo) i/!i3ySfi2ii:iS^ty4 

*Dj®mJBEl 8 OKe V, K-X12X 1 0 18 cm" 2 O* 

ft-eitAt/ci, noot, 5B*wwj|&&j®£fT5 c 
irtwJ:^, 0 8 (a) Sl^P>iJ2 0 

10 0 nnKD^ft^ffg 100 nm^Ife^ffi (SO 
IlfcfUK) 2 0 2«t6^H(^ SEXSKlnS 
^SOll2 3 1^Mt6o tt*5, SOI 
£tE<Z>fl5fifcfrifei: UTS IMOXffiSrflfiJ^*)»ffcdS % & 
t) ^fr-frfe (Silicon Direct Bond 
i ng : SDBfe) Sr/B^Tt^ (1&<Dmmtem<D# 

&\z<o\,^xi>mmxhz>) 0 m^, ns©soii2 3 
i<onm&mMfcLit»^ nh 4 fss^j:*)^^ 

nMSOll23Ul 0nm*"Ci<t* o 
20 [0 0 4 0] (o) fcicas (b) fc»+J:5^ n^ 
SOI123 1 ±II«X.tf G e 8S 5 0 %Ogjf 3 0 n 
m(DSiGel4 4^CVDftia?)Mt6 () ^<Dt 
Geffiffi^igV^tf), S iGel4 4li^(DM 
f^SttMtS, Lfc^oT. Si x Ge H (0 
<x< 1) flg4 4tt, TUfe^nlSO Il2310Si 
^#ffi£»£«E'&1-S£i:W:fc<. S i x G e 2 _ x 
^£Mt)oTMt5o »Ctw|SJ 8 (c) 

5tw, 7^hyy^77^uj:(;RiE^^x si 

Gel44$rp + y-*««fcfc*«**)SO IJBI2 3 

30 l_bO^»H*^:6o 

[00 4 1] (-) m-ms (d) fc»-TJ:5K:, W» 
^TSiH 4 SrfflV^fcfi8«m«5 5 0°CWCVDfe 
l-J:9, ^®Mif:£8 0 nm^n^v'y =»V (Si) JR 
4 5, 4 5 a SrJgfiRi-5p £<Z>£g\ nSSil45, 
45aOHSi GeJi4 4±(7)§R^4 5 a teJk^ 19 31 
**gtf\ S i x G ei _ x <D«Hf-3e*frt>o-C**U 
l^niSilir/^o M^^te^cOT^nSSO 
I Hi 2 3 1 fc*>T-m*&gtf-i\ S i *5(EO»^-S»Sr 
tot^SU SlWnlS i 14 5 ^/^6 0 

40 [0 0 4 2] <*) Hk\-m8 (e) (C^-f «t 5 [d % CM 
P (chemical Mechamical Pol 
ishing: 8H**>^ft|J: X <0 n 

lSi^4 5, 4 5 a <nmm%¥-mkL. 

6 0 ^Lt, nlS i^4 5±(cy-h^bJK2 5^* 
$i?§5nm^>yny»m ^- ht«2 6 t45 
f $300nm^)^py • K— ^ K • ^ y V n 
JB»C«figi-6o **5, nSS ijg4 5 t 4 5 a <bOD0ril 
113 0 nmM^T'&S^-e, CMPfeflU^TOK 
50 firttfc-f, 9fH*^UX*3#. h y y 
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izms ( e ) 7 \z s jiisk-^k • >y =* 

(7)<t^. l^nSS i!45a feftiM^nlS i 
K4 5 tO*ffi^Bl8 (e) lC^i"J;5^y— hmffi2 

±is#®«y- hm«2 6SHJ:*) t^«Y^^^e>»tix 

fctZ?>\z.&>oX*>&\,\ }k^ms (e) tw^-TJ:5 

)£S/E3 0KeV, K-Xi5X10 15 cm~ 2 ^#T' 
-ftyttALfct, 8 5 0^ 3 0#Of|&&3S£;fTo 
X. p + y-«4 0 9, p + Kwy*«4iot 
Mffc-tZo Z<Dk%. p + y-^g«^iIW5)On 
i Jg|4 5 <btf)p nS^ll, l^plv-y =i^|»-4 5 
a £&M^#CQpSv'y 3^IB4 5 ife-f 
6£ _hfEp ng^te±lB#M<!: — 

§ScLXW<£< Tfcfiv\ 

[0 0 4 3] (-) HI 8 (f) fci^-rj:?!^ 

2 11 *r»fiKb*:«, ^(DS i0 2 il2 11 \z.^^?? 

[0 0 4 4] *$£W(Dm 3 O^CO^^^^id^ S i 
Gei44^p + ^i/y nv^4 0 9 2 otf)$^ 

>K^^^^«3|4^f^^^p + y~*m%Zk LXML 
x^5fc£±j£<Dm^»xte£ ^{gii^tip^v 

^SOI •MOSFET^S«»3B»*ai«H^S'jC 
[0 0 4 5] SiGe§44^DIISiSnMiO 

Si i«^t^#<, s i £>9$gfflftffi<D'h£tj: 

[0 0 4 6] l9 9»«:«noSB4 0|llKO«1K(^«p 
ft^/^SOI •MOSFETC0Kfrffi1t5t$:^:-t- o g| 
9m>TnS (10 0) i/V ^>&fc2 l(D±mzm 
l^M<b^51^ffigJi2 5 lSr^LXn^S 

01 12 5 5 3ftS»dl*nTl^. fflfci&;M6»iR2 5 1 
<bLXfc£S i fclS#»^£Sfc<&a?Ll^C a F 2 B£^JBt> 
£>*U ^GD— gfj^c a !_ x Sr x F 2 (0<x<l) 

2 5 2|l/iot^ 0 Lt^oTC ai _ x Sr x F 2 I 
2 5 2(D±&(Dnm<Dmi (n|SOl 
IK) 2 5 5 (II S i I i /^y K ^ t t T 

5 scoas^^p^ y-*««2 5 9, p + k^^«« 

2 6 0H, SlW^niSOll2 5 5?:fty 
*/MS«c£ LXl>5 0 tLtlSiJBttM^SO 
I^2 5 5(iSOlK2 5 5<D»^Ii?)^^W 

2 5 2 tc^-r s 4 t« < a titcmmitm 2 4 k j: 9 
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-^®^c2 5 9*5j:tfp' f K^>i«2 6 0^\ ^<£> 

«»«a^i&^i6iuR2 5 2td»i-a±5fc»rt£ftT 

v^c^&^o P + y— *^i§ic2 5 9&£tjp + 
>f^«*2 6 0lc»u iDBittR2U4i(^ASti 
fcnv*^ h*—/HHhLTy 2 1 8 4oJ: 

t;Kw^sti2 2 8«§tixi/^ 0 £fc P + 

10 y-^I«2 5 9ioJ;(;p + K^i*« 2 6 OcoPaltf) 

[0 0 4 7] 4 W$t^) 5 p f t > 

^SOI • MO S F E TteHO 1 0 (a) — (c) 

£ t) c £ a*x# S„ 

[004 8] (>r) £i\ Hio (a) lc^i-J:5^, 

yy^ylS21iCCaF 2 l25K nfSOlg 
2 5 5 $:^x t'^ ^r^> t ^f^MB E (Mole 
20 cular Bean Epitaxy) J: 9 MB 

#cfc:l8l0 (a) tw^-TJ;?^ 
*ftaiR2 4S:JgfifcLfe«, nMSOIl2 5 5±{^ 
hBWfc«2 5. h««2 6 4r»fiRi-So nSSOI 
l2 5 5Wf$lt fcixtf3 0nmm, 

[004 9] (o) r^biio (b) Ic^-fj; 5t-, y 

- hm^2 6 US rVt^C a F 2 !U£ 

2 5 lCnSSO IHH2 5 5 & -5 «fc 5 K*n*»E 

8 0 K e V, K-Xt 1 X 1 0 17 c m^XM' ^iiA-f 
5 0 -fc<7>«, IR««*:fT5 CaF 2 l52 
30 ^-MC ai _ x Sr x F 2 (0<x< 1) ]g£2 5 2lr 
SEftS*. Wl:MniSOIl2 5 5 a^gBl^ 

^niSOH2 5 5 a ^ilM^niSO I§|2 

[0 0 5 0] (/\) fcfcigiO (c) Ic^nh <fc ? y 
-hii2 6^^irLTB + ^ 49 BF 2 + ^cop 
M^ty^nSSO I fll 2 5 5 a {C&ALfc 

^3®^fr5 ^tiat), P + y-^2 5 9, 

40 p + KU>f>«*2 6 0&tef&1-% 0 £<&«*>Igfctfg 
l-^S^HJfecO^t^X^)^. ^CVDft^ 
l-J:!9 S i o 2 g^PSGK^IMW2 l lfcjB 

ixtf, H9^^*«w^*4©SIJIS^»IB(Op^^> 

^SOI •MOSFET^tio 

[0 0 5 1] «Ji^*«MW*l-»4(D|llfi^»Jj: 
*5V^X«. pf^y^MOS F ETICO^T^I^ 
fc^, *i^ra±^) p ft y^/VMO S F E T(^)^$: 

50 m^z*mftmwimbtiz>i><Dxntj:\<\ 
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S&tC^oTISp ftV^/VMOS FET^ffil^ L S 
ltdtfX'te<s nft^MOSFET{)jgftt5C 
MOS • LS I «WlElKlc:ov^Tt*«MS:fl9v>5r t 

[0 0 5 21 *»w^«fcntfy-^»&-5vMiy 

*«M<0^#flsJ6«O, ^m^y^^^v^ 10 
[0 0 5 3] £fcy-* • K M JiffiXtTFtt 

[0 0 5 4] 

5 S O I flt^£W Lfc p ^ ^^MO S F E T 

[HSO||*ftRn] 20 
[Ell] #3SMtoiK3gS:SlM-f-6fci?)^^^Kia-e«> 

ft^^SOI • MOS FET<D$r®ElT\ (32 

(b) te*<D»¥f&&7jk-rmx&z> 0 

[EI 3] 1 p f t V^yv 

[ei 4] &&w<Dm2<Dmifo<Dffim\zmz>p?' j r^*;i> 

SOI • MOS FET<0»rffiia*T?fc5o 30 
[El 5] *mW<nmz(omM<owm\^&hv^^>*;\' 

SOI . MO S F E T(OligII^^0^t§fc^^»rI 
ElT*£>£ 0 

[ei 6] *&w<am2<DmM<omm<D&mmizm?>p^ 

t^SOI •MOSFETtOBrBSH'C*5o 
SOI -MOSFET(7)iIg|X^5 0 

[ei s] *mw<nm3<nmnv>Mmiz&z>p^>** 

SOI -MOSFET^jHjgXSSrRM-rS^fe^lPrffi 
BI"C*)So 40 

[ei 9] &&w<Dm4<Dnm<oMmz&z>p^*>*/i' 

SOI •MOSFETWMTOSo 

[eh o] &&w<nm4<Dmi&<DMm\z&zp^*c>* 

^SOI • MO S F E T(OMxe«:K!Bt6fe4{)a)» 

mmxhz> 0 

im 1 1 ] «^)nft>^SO I * MOS FETOO 
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[Ell 2] nft^^SOI 'MOSFETirnf t 

[Hi 3] nft>^/VSOI 'MOSFET(0^>f ^ 

[Ell 4] Ell 4 (a) «S i x Ge !_ x ®*££rn + y 
-5 nft^SO I - MO 
S FET<7)f&JfffiEJT\ El 14 (b) i^W^yv't^ 

[El 1 5 ] S i x G e !_ x mm*#-fZ> n ^ y^;VF 
ETh tt^^nf-ty^/VFEKDI d~Vd#tt 
£Jt8hhSElT^5 0 

[E116] L = 0. -MO 
S F E T-(OS«»iB3»*Sr^i-|g-e*>-& 0 

[Ell 7] ft*(Opft^/w^MOS FET^rt 
*C0p^-W^yPSO I 'MOSFET(DI-V#M 
JtBrTSia (Ell 7 (a) ) 4ej:t5CMOS^^-^ 
fettW-TSfcfeeDia (Ell 7 (b) ) 

2 1 Si ^ j£ 23, 4 5, 165, 231, 255 
g| 1 C>¥*ft{MB : S O I JIWSAi/ y 3 >Jf 
2 4 X^&ttBt 

25 i2 cQjf&min : y- h^iRjK (y- hSMfcBI) 
2 6 y-h#jessi 

2 7 %ftfclBI 

2 8, 4 4 «2^®«:SiGei 
2 9 Si NffiJBI 

202 » i <oj&ur : Mft&frssum (so i mm 
m 

2 11 C VD S i 0 2 

2 16,312, p + y-XffiW 

2 1 7, 2 3 8 p + -SiGey-^i« (g2^ 

218, y-*&Mm^ 

226,313,410 p + KW >-£iHfi 
2 2 7, 2 3 9 p + -SiGey~^g« 

2 2 8 KM >&mWM 

2 5 1 n i <omsum : c a f 2 m 

2 5 2 Ca H Sr x F 2 1 
2 5 5 a IS if 

2 5 9, 4 0 9 p + MSiy-*^ij£ 
260 p + ISi KM ygijc 
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